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ELECTRONIC SYSTEM WITH
PARTITIONING MECHANISM AND
METHOD OF OPERATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 62/079,422 filed Nov. 13, 2014,
and the subject matter thereof 1s incorporated herein by
reference thereto.

TECHNICAL FIELD

An embodiment of the present invention relates generally
to an electronic system, and more particularly to a system
with partitioning control.

BACKGROUND

Modern consumer and enterprise electronics, especially
devices such as graphical display systems, televisions, pro-
jectors, cellular phones, portable digital assistants, client
workstations, data center servers, and combination devices,
are providing increasing levels of functionality to support
modern life. Research and development in the existing
technologies can take a myriad of different directions.

The increasing levels of functionality typically require
increasing memory and storage. Memory capacity and band-
width can be key factors in increasing device or system
performance and functionality. As with other electronic
components or modules, area and cost of memory are traded
ofl with performance and functionality.

Memory data caching can improve device or system
performance and functionality.

Unfortunately data caching can consume a large amount
of memory bandwidth, introduce memory access contlicts,
and consume system resources, all of which reduce the
system performance and functionality. Embodiments of the
invention provide improved memory transactions for data
caching.

Thus, a need still remains for an electronic system with
partitioning mechanism to improve system performance. In
view of the ever-increasing commercial competitive pres-
sures, along with growing consumer expectations and the
diminishing opportunities for meaningiul product differen-
tiation 1n the marketplace, 1t 1s increasingly critical that
answers be found to these problems. Additionally, the need

to reduce costs, improve etliciencies and performance, and
meet competitive pressures adds an even greater urgency to
the critical necessity for finding answers to these problems.

Solutions to these problems have been long sought but
prior developments have not taught or suggested any solu-

tions and, thus, solutions to these problems have long eluded
those skilled 1n the art.

SUMMARY

An embodiment of the present invention provides an
clectronic system including: an interface block of a storage
device configured to process system information from a
system device; a memory block of the storage device,
coupled to the interface block, partitioned by the interface
block configured to process the system information for
partitioning the memory block; and a storage block of the
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2

storage device, coupled to the memory block, configured to
access a data block of the storage block provided to the
system device.

An embodiment of the present invention provides a
method of operation of an electronic system 1ncluding;:
operating an interface block of a storage device configured
to process system information from a system device; parti-
tioning a memory block of the storage device by the inter-
face block configured to process the system mnformation for
partitioning the memory block; and accessing a storage
block of the storage device configured to provide a data
block of the storage block to the system device.

An embodiment of the present invention provides a
non-transitory computer readable medium including stored
thereon instructions to be executed by a control unit includ-
ing: operating an interface block of a storage device con-
figured to process system information from a system device;
partitioning a memory block of the storage device by the
interface block configured to process the system information
for partitioning the memory block; and accessing a storage
block of the storage device configured to provide a data
block of the storage block to the system device.

Certain embodiments of the invention have other steps or
clements 1n addition to or in place of those mentioned above.
The steps or elements will become apparent to those skilled
in the art from a reading of the following detailed description
when taken with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an electronic system 1n an
embodiment of the invention.

FIG. 2 1s a block diagram of the electronic system 1n an
embodiment of the invention.

FIG. 3 1s a block diagram of a portion of a storage device
of the electronic system 1n an embodiment of the invention.

FIG. 4 1s a block diagram of a portion of a storage device
of the electronic system 1n an embodiment of the invention.

FIG. 5 1s a block diagram of a portion of a storage device
of the electronic system in an embodiment of the invention.

FIG. 6 1s examples of embodiments of the electronic
system.

FIG. 7 1s a flow chart of a method of operation of the
clectronic system 1n an embodiment of the present mven-
tion.

DETAILED DESCRIPTION

In an embodiment of the mvention, dynamic cache par-
tittoning based on system information, can provide
improved system performance. The dynamic cache parti-
tioning can be transparent to user applications or programs
as well as provide system level quality of service (QoS) at
least at a storage device such as a non-volatile memory
(NVM) device. The dynamic cache partitioning based on
system 1nformation can improve system performance and
QoS with multiple threads concurrently accessing the stor-
age device.

In an embodiment of the invention, Non-Volatile Memory
Express (NVMe) drives can provide benefits to computing
systems including a high performance, scalable host con-
troller 1nterface, Peripheral Component Interconnect
Express (PCle) based Solid-State Drives (SSD), and
improved performance of Non-Volatile Memory 1n Enter-
prise and Client platforms.

In an embodiment of the invention, NVMe drives can be
configured as a backend for dynamic random access
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memory (DRAM). Similarly, Serial Advanced Technology
Attachment (SATA) SSD can be configured as a frontend for
Hard Disk Drives (HDD). This 1s due in part to cost versus
performance for these and other storage or memory tech-
nologies.

For example, HDD are considered the lowest cost with the
lowest performance, Flash drives or SSD are considered
lower cost with lower performance, DRAM 1s considered
higher cost with higher performance, and static random
access memory (SRAM) 1s considered the highest cost with
the highest performance. HDD to DRAM or SRAM 1s
approximately a thousand times (1000x) performance gap,
and Flash or SSD to DRAM or SRAM 1s approximately a
hundred times (100x) performance gap.

In an embodiment, NVMe 1s a scalable host controller
interface designed to address the needs of Enterprise, Data
Center and Client systems with PCle based SSD. An NVMe
drive can achieve speeds several times faster than a SATA
SSD. Thus, NVMe storage technology can be implemented
in datacenter applications or implementations. A DRAM can
be implemented as a cache for flash devices such as NVMe
devices providing comparable performance to DRAM at a
cost of flash memory. System level information of input and
output (I/0) requests can be usetul to eflectively utilize the
DRAM cache to provide Quality of Service (QoS) function
for the NVMe device.

For example, the DRAM cache mside the NVMe device
can be exhausted or allocated by programs runming on the
host, impacting the performance of other programs running
on the host at least due to starvation problems based on host
timeouts, errors, or combination thereot, of NVMe device.
Application or thread-level QoS cannot be guaranteed at
least 1n part due to unavailable system level mnformation of
iput and output (I/0) requests.

The following embodiments are described in suflicient
detail to enable those skilled 1n the art to make and use the
invention. It 1s to be understood that other embodiments
would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made with-
out departing from the scope of an embodiment of the
present invention.

In the following description, numerous specific details are
given to provide a thorough understanding of the invention.
However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid
obscuring an embodiment of the present invention, some
well-known circuits, system configurations, and process
steps are not disclosed 1n detail.

The drawings showing embodiments of the system are
semi-diagrammatic, and not to scale and, particularly, some
of the dimensions are for the clarity of presentation and are
shown exaggerated 1n the drawing figures. Similarly,
although the views in the drawings for ease of description
generally show similar orientations, this depiction in the
figures 1s arbitrary for the most part. Generally, the invention
can be operated 1n any orientation. The embodiments have
been numbered first embodiment, second embodiment, etc.
as a matter of descriptive convenmence and are not intended
to have any other significance or provide limitations for an
embodiment of the present invention.

Referring now to FIG. 1, therein 1s shown an electronic
system 100 1n an embodiment of the mvention. The elec-
tronic system 100 includes a first device 102, such as a client
or a server, a communication path 104, such as a wireless or
wired network, or combination thereof. The first device 102
can couple with a second device 106, such as a client or
server. The first device 102 can couple with the communi-
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cation path 104 to couple with the second device 106. For
example, the first device 102 can be of any of a vanety of
devices, such as a client, a server, a cellular phone, personal
digital assistant, a notebook computer, other multi-func-
tional device, or combination thereof. The first device 102
can couple, either directly or indirectly, to the communica-
tion path 104 to communicate with the second device 106 or
can be a stand-alone device.

For illustrative purposes, the electronic system 100 1s
shown with the second device 106 and the first device 102
as end points of the communication path 104, although 1t 1s
understood that the electronic system 100 can have a dil-
ferent partition between the first device 102, the second
device 106, and the communication path 104. For example,
the first device 102, the second device 106, or a combination
thereof can also function as part of the communication path.

In an embodiment, the communication path 104 can span
and represent a variety of networks. For example, the
communication path 104 can include system bus, wireless
communication, wired communication, optical, ultrasonic,
or the combination thereof. Peripheral Component Intercon-

nect Express (PCle), Peripheral Component Interconnect

(PCI), Industry Standard Architecture (ISA), Seral
Advanced Technology Attachment (SATA), Small Com-
puter Serial Interface (SCSI), Enhanced Integrated Drive
Electronics (EIDE), and accelerated graphics port (AGP),
are examples of system bus technologies. Satellite, cellular,
Bluetooth, and wireless fidelity (WiF1), are examples of
wireless communication. Ethernet, digital subscriber line
(DSL), and fiber to the home (FTTH), are examples of wired
communication. All of the aforementioned can be included
in the communication path 104.

In an embodiment, the first device 102 can include a first
control unit 112, a first storage umt 114, a first communi-
cation unit 116, and a first user interface 118. The first
control unit 112 can include a first control interface 122. The
first control unit 112 can execute a first software 126 to
provide the intelligence of the electronic system 100. The
first control unit 112 can be implemented in a number of
different manners.

For example, the first control unit 112 can be a processor,
an application specific integrated circuit (ASIC) an embed-
ded processor, a microprocessor, a hardware control logic, a
hardware finite state machine (FSM), a digital signal pro-
cessor (DSP), an field programmable gate array (FPGA), or
a combination thereof. The first control interface 122 can be
used for communication between the first control unit 112
and other functional units in the first device 102. The first
control interface 122 can also be used for communication
that 1s external to the first device 102.

In an embodiment, the first control interface 122 can
receive information from the other functional units or from
external sources, or can transmit information to the other
functional units or to external destinations. The external
sources and the external destinations refer to sources and
destinations external to the first device 102. The first control
interface 122 can be implemented 1n different ways and can
include different implementations depending on which func-
tional units or external units are being interfaced with the
first control interface 122. For example, the first control
interface 122 can be implemented with a pressure sensor, an
inertial sensor, a microelectromechanical system (MEMS),
optical circuitry, waveguides, wireless circuitry, wireline
circuitry, or a combination thereof.

In an embodiment, the first storage unit 114 can store the
first software 126. The first storage unit 114 can also store

the relevant information, such as data, images, sound files,
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or a combination thereof. The first storage unit 114 can be a
volatile memory, a nonvolatile memory, an internal memory,
an external memory, or a combination thereof. For example,
the first storage unit 114 can be a nonvolatile storage such as
non-volatile random access memory (NVRAM), non-vola-
tile memory (NVM), non-volatile memory express (NVMe),
Flash memory, disk storage, or a volatile storage such as
static random access memory (SRAM).

In an embodiment, the first storage unit 114 can include
a first storage interface 124. The first storage interface 124
can be used for communication between the first storage unit
114 and other functional units 1n the first device 102. The
first storage interface 124 can also be used for communica-
tion that 1s external to the first device 102. The first storage
interface 124 can receive information from the other func-
tional units or from external sources, or can transmit infor-
mation to the other functional units or to external destina-
tions. The external sources and the external destinations
refer to sources and destinations external to the first device
102.

In an embodiment, the first storage interface 124 can
include different implementations depending on which func-
tional units or external units are being interfaced with the
first storage unit 114. The first storage interface 124 can be
implemented with technologies and techmques similar to the
implementation of the first control interface 122.

In an embodiment, the first communication unit 116 can
enable external communication to and from the first device
102. For example, the first commumcation unit 116 can
permit the first device 102 to communicate with the second
device 106 of FIG. 1, an attachment, such as a peripheral
device or a computer desktop, and the communication path
104. The first communication unit 116 can also function as
a communication hub allowing the first device 102 to
function as part of the commumnication path 104 and not
limited to be an end point or terminal unit to the commu-
nication path 104. The first communication unit 116 can
include active and passive components, such as microelec-
tronics or an antenna, for interaction with the communica-
tion path 104.

In an embodiment, the first communication unit 116 can
include a first communication interface 128. The first com-
munication interface 128 can be used for communication
between the first communication umt 116 and other func-
tional units 1n the first device 102. The first communication
interface 128 can receive information from the other func-
tional units or can transmit information to the other func-
tional umts. The first communication interface 128 can
include different implementations depending on which func-
tional units are being interfaced with the first communica-
tion unit 116. The first communication interface 128 can be
implemented with technologies and techmques similar to the
implementation of the first control interface 122.

In an embodiment, the first user interface 118 allows a
user (not shown) to interface and interact with the first
device 102. The first user interface 118 can include an 1nput
device and an output device. Examples of the input device
of the first user interface 118 can include a keypad, a
touchpad, soft-keys, a keyboard, a microphone, an infrared
sensor for recerving remote signals, or any combination
thereol to provide data and communication 1nputs.

In an embodiment, the first user interface 118 can include
a first display interface 130. The first display interface 130
can 1nclude a display, a projector, a video screen, a speaker,
or any combination thereof. The first display interface 130
can display information stored 1n a first control memory 132
of the first control unit 112. The first control memory 132
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can mnclude a memory device including a volatile memory
device such as static random access memory (SRAM),
dynamic random access memory (DRAM), other memory
technology device, or combination thereof.

In an embodiment, the first control unit 112 can operate
the first user interface 118 to display information generated
by the electronic system 100. The first control unit 112 can
also execute the first software 126 for the other functions of
the electronic system 100, storage in the first control
memory 132, or combination thereof. The first control umit
112 can further execute the first software 126 for interaction
with the communication path 104 via the first communica-
tion unit 116.

In an embodiment, the second device 106 can be opti-
mized for implementing an embodiment of the present
invention in a multiple device embodiment with the first
device 102. The second device 106 can provide the addi-
tional or higher performance processing power compared to
the first device 102. The second device 106 can include a
second control unit 134, a second communication unit 136,
and a second user interface 138.

In an embodiment, the second user interface 138 allows a
user (not shown) to interface and interact with the second
device 106. The second user interface 138 can include an
input device and an output device. Examples of the mput
device of the second user interface 138 can include a
keypad, a touchpad, soft-keys, a keyboard, a microphone, or
any combination thereof to provide data and communication
inputs. Examples of the output device of the second user
interface 138 can include a second display interface 140.
The second display interface 140 can include a display, a
projector, a video screen, a speaker, or any combination
thereof.

In an embodiment, the second control unit 134 can
execute a second soitware 142 to provide the intelligence of
the second device 106 of the electronic system 100. The
second software 142 can operate in conjunction with the first
software 126. The second control unmit 134 can provide
additional performance compared to the first control unit
112. The second control unit 134 can operate the second user
interface 138 to display information. The second control unit
134 can also execute the second software 142 for the other
functions of the electronic system 100, including operating
the second commumnication unit 136 to communicate with
the first device 102 over the communication path 104.

In an embodiment, the second control unit 134 can be
implemented 1n a number of different manners. For example,
the second control unit 134 can be a processor, an embedded
processor, a microprocessor, hardware control logic, a hard-
ware finite state machine (FSM), a digital signal processor
(DSP), an field programmable gate array (FPGA), or a
combination thereof. The second control unit 134 can
include a second controller interface 144. The second con-
troller interface 144 can be used for communication between
the second control umit 134 and other functional units 1n the
second device 106. The second controller interface 144 can
also be used for communication that 1s external to the second
device 106.

In an embodiment, the second controller interface 144 can
receive information from the other functional units or from
external sources, or can transmit information to the other
functional units or to external destinations. The external
sources and the external destinations refer to sources and
destinations external to the second device 106. The second
controller interface 144 can be implemented i1n different
ways and can include different implementations depending
on which functional units or external units are being inter-
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taced with the second controller interface 144. For example,
the second controller interface 144 can be implemented with
a pressure sensor, an nertial sensor, a microelectromechani-
cal system (MEMS), optical circuitry, waveguides, wireless
circuitry, wireline circuitry, or a combination thereof.

In an embodiment, a second storage unit 146 can store the
second software 142. The second storage unit 146 can also
store the relevant information such as data, images, sound
files, or a combination thereof. The second storage unit 146
can be sized to provide the additional storage capacity to
supplement the first storage unit 114. For illustrative pur-
poses, the second storage unit 146 1s shown as a single
clement, although 1t 1s understood that the second storage
unit 146 can be a distribution of storage elements. Also for
illustrative purposes, the electronic system 100 1s shown
with the second storage umt 146 as a single hierarchy
storage system, although 1t 1s understood that the electronic
system 100 can have the second storage umit 146 1n a

different configuration.

For example, the second storage unmit 146 can be formed
with different storage technologies forming a memory hier-
archal system including different levels of caching, main
memory, rotating media, or off-line storage. The second
storage unit 146 can be a volatile memory, a nonvolatile
memory, an internal memory, an external memory, or a
combination thereof. Further for example, the second stor-
age unit 146 can be a nonvolatile storage such as non-
volatile random access memory (NVRAM), Flash memory,
disk storage, or a volatile storage such as static random
access memory (SRAM).

In an embodiment, the second storage unit 146 can
include a second storage interface 148. The second storage
interface 148 can be used for communication between the
second storage unit 146 and other functional units in the
second device 106. The second storage interface 148 can
also be used for communication that 1s external to the second
device 106.

In an embodiment, the second storage interface 148 can
receive information from the other functional units or from
external sources, or can transmit information to the other
functional units or to external destinations. The external
sources and the external destinations refer to sources and
destinations external to the second device 106. The second
storage interface 148 can include different implementations
depending on which functional umts or external units are
being interfaced with the second storage umit 146. The
second storage interface 148 can be implemented with
technologies and techniques similar to the implementation
of the second controller interface 144. The second commu-
nication unit 136 can enable external communication to and
from the second device 106. For example, the second
communication unit 136 can permit the second device 106
to communicate with the first device 102 over the commu-
nication path 104.

In an embodiment, the second communication unit 136
can also function as a communication hub allowing the
second device 106 to function as part of the communication
path 104 and not limited to be an end point or terminal unit
to the communication path 104. The second communication
unit 136 can include active and passive components, such as
microelectronics or an antenna, for interaction with the
communication path 104. The second communication unit
136 can include a second communication intertace 150. The
second communication interface 150 can be used for com-
munication between the second communication unit 136 and
other functional units in the second device 106. The second
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communication interface 150 can recerve information from
the other functional units or can transmit information to the
other functional units.

In an embodiment, the second communication interface
150 can include different implementations depending on
which functional units are being interfaced with the second
communication unit 136. The second communication inter-
face 150 can be implemented with technologies and tech-
niques similar to the implementation of the second controller
interface 144. The first communication unit 116 can couple
with the communication path 104 to send information to the
second device 106 1n the first device transmission 108. The
second device 106 can receive information in the second
communication unit 136 from the first device transmission
108 of the commumnication path 104.

In an embodiment, the second communication unit 136
can couple with the communication path 104 to send infor-
mation to the first device 102 1n the second device trans-
mission 110. The first device 102 can receive information in
the first communication unit 116 from the second device
transmission 110 of the communication path 104. The elec-
tronic system 100 can be executed by the first control umit
112, the second control unit 134, or a combination thereof.

For 1llustrative purposes, the second device 106 1s shown
with the partition having the second user interface 138, the
second storage unit 146, the second control unit 134, and the
second communication unit 136, although 1t 1s understood
that the second device 106 can have a diflerent partition. For
example, the second software 142 can be partitioned difler-
ently such that some or all of 1its function can be in the
second control unit 134 and the second communication unit
136. Also, the second device 106 can include other func-
tional units not shown in FIG. 1 for clarity.

In an embodiment, 1n a manner similar to the first control
unit 112, the second control unit 134 can include a second
control memory 1352 with a memory device including a
volatile memory device such as static random access
memory (SRAM), dynamic random access memory
(DRAM), other memory technology device, or combination
thereof. Functions of the electronic system 100 can store
information in the second control memory 152 for use by
other functional units.

In an embodiment, the functional units 1n the first device
102 can work individually and independently of the other
functional units. The first device 102 can work individually
and independently from the second device 106 and the
communication path 104. Similarly, the functional units 1n
the second device 106 can work individually and indepen-
dently of the other functional units. The second device 106
can work individually and independently from the first
device 102 and the commumnication path 104. For illustrative
purposes, the electronic system 100 1s described by opera-
tion of the first device 102 and the second device 106. It 1s
understood that the first device 102 and the second device
106 can operate any of the functions, processes, applica-
tions, or combination thereot, of the electronic system 100.

In an embodiment, the functions, processes, applications,
or combination thereot, described 1n this application can be
at least 1 part implemented as instructions stored on a
non-transitory computer readable medium to be executed by
a control unit 112. The non-transitory computer medium can
include the storage unit 114. The non-transitory computer
readable medium can include non-volatile memory, such as
a hard disk drive (HDD), non-volatile random access
memory (NVRAM), solid-state storage device (SSD), com-
pact disk (CD), digital video disk (DVD), umiversal serial

bus (USB) tlash memory devices, Blu-ray Disc™, any other
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computer readable media, or combination thereof. The non-
transitory computer readable medium can be integrated as a
part of the electronic system 100 or 1nstalled as a removable
portion of the electronic system 100.

In an embodiment, the functions, processes, applications,
or combination thereof, described in this application can be
implemented as 1nstructions stored on a non-transitory coms-
puter readable medium to be executed by a first control unit
112, the second control unit 134, or a combination thereof.
The non-transitory computer medium can include the first
storage unit 114, the second storage unit 146, or a combi-
nation thereof. The non-transitory computer readable
medium can include non-volatile memory, such as a hard
disk drive (HDD), non-volatile random access memory
(NVRAM), solid-state storage device (SSD), compact disk
(CD), digital video disk (DVD), universal serial bus (USB)
flash memory devices, Blu-ray Disc™, any other computer
readable media, or combination thereof. The non-transitory
computer readable medium can be integrated as a part of the
clectronic system 100 or installed as a removable portion of
the electronic system 100.

In an embodiment, the functions, processes, applications,
or combination thereof, described in this application can be
part of the first software 126, the second software 142, or a
combination thereof. These functions, processes, applica-
tions, or combination thereotf, can also be stored 1n the first
storage unit 114, the second storage unit 146, or a combi-
nation thereof. The first control unit 112, the second control
unit 134, or a combination thereof can execute these func-
tions, processes, applications, or combination thereof, for
operating the electronic system 100.

In an embodiment, the electronic system 100 has been
described with functions, processes, applications, order, or
combination thereol, as an example. The electronic system
100 can partition the functions, processes, applications, or
combination thereof, differently or order the functions, pro-
cesses, applications, or combination thereof, differently. The
functions, processes, applications, or combination thereof,
described 1n this application can be software, hardware
implementation, hardware circuitry, or hardware accelera-
tors 1n the first control unit 112 or 1n the second control unit
134. The functions, processes, applications, or combination
thereot, can also be hardware implementation, hardware
circuitry, or hardware accelerators within the first device 102
or the second device 106 but outside of the first control unit
112 or the second control unit 134, respectively.

Referring now to FIG. 2, therein 1s shown a block diagram
of the electronic system 100 i an embodiment of the
invention. The electronic system 100 can include a storage
device 200 providing a high performance, scalable interface.
The electronic system 100 with the storage device 200 can
provide improved performance of non-volatile memory with
enterprise architectures, client architectures, or combination
thereot, due at least 1n part to optimizing memory devices
based on cost versus performance.

In an embodiment, the storage device 200 can include an
interface block 204, a partition block 208, a memory block
212, a transition block 216, storage block 220, or combina-
tion thereof. The interface block 204, the partition block
208, the memory block 212, the transition block 216, and the
storage block 220, are implemented at least i part as
hardware such as integrated circuits, integrated circuit cores,
integrated circuit components, microelectromechanical sys-
tem (MEMS), passive devices, or a combination thereof. For
illustrative purposes, the interface block 204, the partition
block 208, the memory block 212, the transition block 216,
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although 1t 1s understood that any of the blocks can share
portions of the hardware with any of the other blocks.

For example, the transition block 216, such as a flash
transition layer, can provide translation for file systems,
particularly sector based file systems, and block based
storage devices such as flash memory. The transition block
216 can translate the storage block 220 to appear as a sector
based storage device, such as a disk drive, to the file system
of the system device 240.

In an embodiment, the storage block 220 can include a
first storage sub-block 222, a second storage sub-block 224,
a third storage sub-block 226, a fourth storage sub-block
228, or combination thereof. The storage block 220, the first
storage sub-block 222, the second storage sub-block 224, the
third storage sub-block 226, the fourth storage sub-block
228, or combination thereol, can be implemented as non-
volatile memory (NVM), non-volatile memory express
(NVMe), flash memory, solid state memory, any memory
technology, any storage technology, or combination thereof.
For illustrative purposes, the storage block 220 1s shown
with four storage sub-blocks, although it 1s understood that
the storage block 220 may be a single block with no
sub-blocks or have any number of sub-blocks.

In an embodiment, the iterface block 204 can be oper-
ated to 1dentily an origin of a request for determining a
partition for storing requests, threads, system, application,
other information, or combination thereof. The request can
result 1n accessing the storage block 220 for providing a first
data block 232, a second data block 234, a third data block
236, a forth data block 238, or combination thereof. For
illustrative purposes, four data blocks, such as the first data
block 232, the second data block 234, the third data block
236, the forth data block 238, or combination thereot, are
shown, although 1t 1s understood that the storage block 220
may include any number or configuration of data blocks
with no sub-blocks or any number of sub-blocks.

In an embodiment, the storage device 200 can be 1mple-
mented at least 1n part with the first storage umt 114, the
second storage unit 146, or combination thereof. The storage
device 200 can include the interface block 204 such as a host
interface controller, for communicating, interacting, inter-
facing, or combination thereof, with a host device such as
the first control unit 112, the second control unmit 134, or
combination thereof. The storage device 200 can provide
information, data, instructions, iput, output, send, receive,
request, response, acknowledgement, or combination
thereof.

In an embodiment, the interface block 204 can include a
partitioning mechanism implemented as the partition block
208 such as quality of service (QoS) controller, cache QoS
controller, a dynamic random access memory (DRAM)
cache QoS controller, or combination thereof. The partition
block 208 can provide quality of service ((QoS) control for
a cache such as cache memory including random access
memory (RAM), dynamic random access memory
(DRAM), static random access memory (SRAM), volatile
memory, other memory technology, or combination thereof.
The partition block 208 can partition memory, such as cache
memory, 1n partitions such as sub-partitions based on system
information such as requests, threads, system, application,
other information, or combination thereof.

In an embodiment, the interface block 204 can dynami-
cally or actively change a partition size such as increase or
decrease a portion of a cache allocated to a virtual device or
machine. The interface block 204 can dynamically or
actively change partitions based on a request for accessing
data, accumulated requests for data, a demand for data, or
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combination thereof. The dynamically or actively changing
partitions or partitioning of the memory block 212 can be
implemented at system runtime for significantly improved
performance and avoiding memory or storage starvation
1ssues based on the system imformation 242 provided to the
interface block 204.

In an embodiment, the storage device 200 can include
non-volatile memory, such as non-volatile memory (INVM),
non-volatile memory express (NVMe), flash memory, solid
state memory, any memory technology, any storage tech-
nology, or combination thereof, connected to the first control
unit 112, the second control unit 134, or combination thereof
with a communication interface such as the communication
path 104 including a senal interface, a high speed intertace,
Peripheral Component Interconnect Express (PCle), other
interface technology, or combination thereof.

In an embodiment, a system device 240, such as the first
device 102 of FIG. 1, the second device 106 of FIG. 1, or
combination thereof, can include system information 242
such as operating system (OS) information 244, application
(app) information 248, or combination thereof. The operat-
ing system information 244 of the system device 240 can
provide requests, information, processing, or combination
thereol. Application immformation 248, optionally with the
operating system information 244, can be implemented on
the system device 240 for performing user functions, pro-
grams, interface, or combination thereof.

In an embodiment, the system device 240, the storage
device 200, the iterface block 204, the partition block 208,
or combination thereof, can be operated to process the
system information 242 including thread information 250,
request information 254, identification 258, or combination
thereol. The thread information 250 can include the request
information 254, the identification 258 or combination
thereof. The thread information 250 can include related
request information 254 with common 1dentification 258 for
distinguishuing or identifying requests, threads, applications
248, or combination thereof.

In an embodiment, the 1dentification 258 can be a unique
inclusion with the request information 2354, such as number
appended to each of the request information 254. The
identification 258 can be provided by the system device 240,
the operating system information 244, the application infor-
mation 248, or combination thereof. For example, the inter-
tace block 204, partition block 208, or combination thereof,
can be operated to provide dynamic or active partitioning of
the memory block 212 at runtime based on system infor-
mation 242 including control unit, storage unit, communi-
cation unit, operating system (OS) 244, application 248,
thread 250, thread-level quality of service (QoS), request
254, 1dentification 258, or combination thereof.

In an embodiment, the request information 254, the thread
information 250, or combination thereof, can be determined
by the system device 240. Additionally or alternatively, the
request information 254, the thread information 250, or
combination thereof, can be determined by the interface
block 204, the partition block 208, or combination thereof,
based on system information 242, such as control unit,
storage unit, communication unit, operating system (OS)
244, application 248, thread 250, thread-level quality of
service (QoS), request 254, identification 258, or combina-
tion thereof, provided by the system device 240.

In an embodiment, the system device 240, the storage
device 200, or combination thereof, can provide mecha-
nisms for identitying system information 242, such as con-
trol unit, storage unit, communication unit, application 248,
operating system (OS) 244, or combination thereof, for the
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interface block 204, the partition block 208, or combination
thereof. The partition block 208 can receive and process
thread-level quality of service (QoS) information including
the system information 242, the application mnformation 248,
the operating system (OS) information 244, or combination
thereof.

In an embodiment, the storage device 200 including the
interface block 204 can provide dynamic or active partition-
ing including adaptive partitioning, uniform partitioning, per
demand partitioning, shared partitioming, private partition-
ing, or combination thereof. The dynamic or active parti-
tioning can include system information 242 including con-
trol unit, storage unit, communication unit, operating system
(OS) 244, application 248, thread-level quality of service
(QoS) information, request 254, 1dentification 258, or com-
bination thereof, for quality of service (QoS) requirements.
The dynamic or active partitioning of the memory block 212
can include information for quality of service (QoS) require-
ments to 1dentify and solve starvation 1ssues or problems for
the storage device 200.

In an embodiment, the storage device 200 can process OS
information 244, application information 248, or combina-
tion thereof, for dynamic or active partitioning of the
memory block 212 such as a cache, which can include
dynamic random access memory, static random access
memory, any memory technology, or combination thereof.
The dynamic or active partitioning of the memory block 212
can provide system-level quality of service (QoS), including
OS-level QoS, 1n the storage device 200 with attaching or
assigning the request information 254 of each thread infor-
mation 250 to a specific partition of the memory block 212.

In an embodiment, the storage device 200 including the
interface block 204 and the partition block 208 can i1dentily
and solve memory starvation of the storage device 200. The
storage device 200 can determine starvation problems based
on timeouts, errors, or combination thereof for the system
device 240, the storage device 200, or combination thereof.
The storage block 220 can be exhausted or allocated by
requests. Requests from a particular application or system
operation can impact access or performance of other appli-
cations or operations.

It has been discovered that the electronic system 100
including the storage device 200 with the interface block
204, the partition block 208, or combination thereot, avoids
performance degradation of more than sixty percent (60%)
due to the memory starvation problems. The interface block
204, the partition block 208, or combination thereof, can
dynamically or actively change partitions of the memory
block 212, significantly improving system performance and
avoiding memory starvation problems.

Referring now to FIG. 3, therein 1s shown a portion of a
block diagram of a storage device 300 of the electronic
system 100 1n an embodiment of the invention. The storage
device 300 1s shown for clarity with only an interface block
304 and a memory block 312. For illustrative purposes, the
storage device 300 1s shown with the interface block 304 and
the memory block 312 although 1t 1s understood that the
storage device 300 may include other components including
components of the storage block 200 of FIG. 2. For example,
the interface block 304 can include a partition block such as
the partition block 208 of FIG. 2.

In an embodiment, the storage device 300 can include an
interface block 304, a memory block 312, or combination
thereolf. The interface block 304 and the memory block 312
are 1implemented at least 1n part as hardware such as inte-
grated circuits, 1ntegrated circuit cores, mtegrated circuit
components, microelectromechanical system (MEMS), pas-
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sive devices, or a combination thereol. For illustrative
purposes, the interface block 304 and the memory block
312, are shown as discrete block although 1t 1s understood

that any of the blocks can share portions of hardware with
other blocks.

In an embodiment, the storage device 300 can be 1mple-
mented at least 1n part with the first storage umt 114, the
second storage unit 146, or combination thereotf. The storage
device 302 can include the interface block 304 such as a host
interface controller, for communicating, interacting, inter-
facing, or combination thereof, with a host device such as
the first control unit 112, the second control unit 134, or
combination thereof. The storage device 300 can provide
information, data, instructions, input, output, send, receive,
request, response, acknowledgement, or combination
thereof.

In an embodiment, the memory block 312 can include
partitioning. For example the memory device 312 can
include partitions 330 such as a first partition 334, a second
partition 336, a third partition 338, or combination thereof.
For illustrative purposes, the memory device 312 1s shown
with three partitions 330 although it 1s understood that the
memory device 312 may include any number of partitions.

In an embodiment, the storage device 300 with the
interface block 304 can provide uniform partitioning of the
memory block 312. The interface block 304 can provide
counting or determining a number of threads 350 of requests
354. The interface block 304 can provide evenly dividing or
partitioning the memory block 312 based on the number of
the threads 350. For 1llustrative purposes, the interface block
304 1s shown with three of the threads 350 although 1t 1s
understood that the interface block 304 may include any
number of threads 350.

For example, the interface block 304 can determine by
counting the number of the threads 350 including a first
thread 362, a second thread 364, and a third thread 366. The
interface block 304 can evenly divide or partition the
memory block 312 in three equal partitions based on the
three threads for associating one of the partitions 330 with
cach of the requests 354 or threads 350. Each of the
partitions 330 can serve each of the threads 350, such as the
first partition 334 can serve the first thread 362, the second
partition 336 can server the second thread 364, the third
partition 338 can serve the third thread 366, or combination
thereol.

In an embodiment, the interface block 304 can provide
partitioning or dividing of the memory block 312, based on
the number of threads 350, into three partitions, each with
the same capacity. This uniform partitioming or dividing
provides equal or uniform partitions of the memory block
312 for each of the first thread 362, the second thread 364,
and the third thread 366. For illustrative purposes, the
memory device 312 1s shown with three partitions 330 and
the mterface block 304 1s shown with three of the number
threads 3350, although it 1s understood that the memory
device 312 may include any number of partitions and the
interface block 304 may include any number of threads 350.

It has been discovered that electronic system 100 1nclud-
ing the storage device 300 with the partitions 330, signifi-
cantly improves system performance and avoids memory
starvation problems for significantly improve quality of
service (QoS) particularly at thread-level. The interface
block 204, the partition block 208, or combination thereof,
can dynamically or actively change uniform partitions of the
memory block 312 such as the first partition 334, the second
partition 336, the third partition 338, or combination thereof.
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Referring now to FIG. 4, therein 1s shown of a portion a
block diagram of a memory device 400 of the electronic
system 100 1n an embodiment of the invention. The storage
device 400 1s shown for clarity with only an interface block
404 and a memory block 412. For illustrative purposes, the
storage device 400 1s shown with the mterface block 404 and
the memory block 412 although 1t 1s understood that the
storage device 400 may include other components including
components of the storage block 200 of FIG. 2. For example,
the interface block 304 can include a partition block such as
the partition block 208 of FIG. 2.

In an embodiment, the storage device 400 can include an
interface block 404, a memory block 412, or combination
thereof. The an interface block 404 and the memory block
412 are implemented at least in part as hardware such as
integrated circuits, integrated circuit cores, integrated circuit
components, microelectromechanical system (MEMS), pas-
sive devices, or a combination thereof. For illustrative
purposes, the interface block 404 and the memory block
412, are shown as discrete block although it 1s understood
that any of the blocks can share portions of hardware with
other blocks.

In an embodiment, the storage device 400 can be 1mple-
mented at least 1n part with the first storage umt 114, the
second storage unit 146, or combination thereof. The storage
device 412 can include the interface block 404 such as a host
interface controller, for communicating, interacting, inter-
facing, or combination thereof, with a host device such as
the first control unit 112, the second control unmit 134, or
combination thereof. The storage device 400 can provide
information, data, instructions, iput, output, send, receive,
request, response, acknowledgement, or combination
thereof.

In an embodiment, the memory block 412 can include
partitioning ol a memory device 412. For example the
memory device 412 can include demand partitions 430 such
as a first demand partition 434, a second demand partition
436, a third demand partition 438, or combination thereof.
For illustrative purposes, the memory device 412 1s shown
with three partitions 430 although it 1s understood that the
memory device 412 may include any number of partitions.

In an embodiment, the storage device 400 with the
interface block 404 can provide demand or per demand
partitioning of the memory block 412. The interface block
404 can provide counting or determining a number of
threads 450 of requests 454. The interface block 404 can
provide evenly dividing or partitioning the memory block
412 based on the number of the threads 450. For illustrative
purposes, the interface block 404 1s shown with three of the
threads 450 although 1t 1s understood that any number of the
threads 450 may be included.

For example, the interface block 404 can determine by
counting the number of the threads 4350 including a first
thread 462, a second thread 464, and a third thread 466. The
interface block 404 can evenly divide or partition the
memory block 412 1n three equal partitions based on the
three threads. Each of the partitions 430 can serve each of
the threads 4350, such as the first demand partition 434 can
serve the first thread 462, the second demand partition 436
can server the second thread 464, the third demand partition
438 can serve the third thread 466, or combination thereof.

In an embodiment, the interface block 404 can provide
partitioning or dividing of the memory block 412, based on
the number of threads 4350, into three partitions, each with a
capacity based on the number of the requests 4354 for each
of the number threads 450. This per demand partitioning or
dividing provides diflerent or proportional partitions of the
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memory block 412 for each of the first thread 462, the
second thread 464, and the third thread 466. For 1llustrative
purposes, the memory device 412 1s shown with three
partitions 430 and the interface block 404 1s shown with
three of the number threads 450, although 1t 1s understood
that the memory device 412 may include any number of
partitions and the interface block 404 may include any
number of threads 450.

For example, twelve (12) of the requests 454 are shown
with eight (8) of the request from the first thread 462, three
(3) from the second thread 464, and one (1) from the third
thread 466. Thus, based on demand or per demand parti-
tioming, the interface block 404 can provide three (3) par-
titions with different capacity for the memory 412, including,
up to two-thirds (343) capacity for the first demand partition
434, up to one-quarter (14) capacity for the second demand
partition 436, and up to one-twelith (112) capacity for the
third demand partition 438.

It has been discovered that the electronic system 100
including the storage device 400 with the demand partitions
430 significantly improves system performance and avoids
memory starvation problems for significantly improve qual-
ity of service (QoS) particularly at thread-level. The inter-
tace block 404, the partition block, or combination thereof,
can dynamically or actively change demand or per demand
partitions, of the memory block 412 such as the first demand
partition 434, the second demand partition 436, and the third
demand partition 438, or combination thereof.

Referring now to FIG. §, therein 1s shown of a portion a
block diagram of a memory device 500 of the electronic
system 100 1n an embodiment of the invention. The storage
device 500 1s shown for clarity with only an interface block
504 and a memory block 512. For illustrative purposes, the
storage device 500 1s shown with the interface block 504 and
the memory block 512 although it 1s understood that the
storage device 500 may include other components including
components of the storage block 200 of FIG. 2. For example,
the 1interface block 304 can include a partition block such as
the partition block 208 of FIG. 2.

In an embodiment, the storage device 500 can include an
interface block 504, a memory block 512, or combination
thereof. The an nterface block 504 and the memory block
512 are implemented at least 1n part as hardware such as
integrated circuits, integrated circuit cores, integrated circuit
components, microelectromechanical system (MEMS), pas-
sive devices, or a combination thereof. For illustrative
purposes, the interface block 504 and the memory block
512, are shown as discrete block although 1t 1s understood
that any of the blocks can share portions of hardware with
other blocks.

In an embodiment, the storage device 500 can be 1mple-
mented at least 1n part with the first storage umt 114, the
second storage unit 146, or combination thereof. The storage
device 512 can include the interface block 504 such as a host
interface controller, for communicating, interacting, inter-
facing, or combination thereof, with a host device such as
the first control unit 112, the second control unit 134, or
combination thereof. The storage device 500 can provide
information, data, instructions, iput, output, send, receive,
request, response, acknowledgement, or combination
thereol.

In an embodiment, the memory block 512 can include
partitioning ol a memory device 512. For example the
memory device 512 can include shared partitions 330 such
as a lirst shared partition 534, a second shared partition 536,
a third shared partition 538, or combination thereof. The
memory device 512 can also include private partitions 540
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such as a first private partition 544, a second private partition
546, a third private partition 548, or combination thereof.
For illustrative purposes, the memory device 512 1s shown
with three shared partitions 530 and three private partitions
540, although it 1s understood that the memory device 512
may include any number of shared partitions 530 and any
number of private partitions 540.

In an embodiment, the storage device 500 with the
interface block 504 can provide adaptive partitioning of the
memory block 512. The interface block 504 can provide
counting or determining a number of threads 550 of requests
554. The interface block 504 can provide evenly dividing or
partitioning the memory block 512 based on the number of
the threads 550. For 1llustrative purposes, the interface block

504 1s shown with three of the threads 550 although it 1s

understood that any number of the threads 350 may be
included.

For example, the interface block 504 can determine by

counting the number of the threads 550 including a first
thread 562, a second thread 564, and a third thread 566. The
interface block 304 can evenly divide or partition the
memory block 512 1n partitions based on the three threads.
Each of the shared partitions 530 and the private partitions
540 can serve each of the threads 550, such as the first shared
partition 534 and the first private region 544 can serve the
first thread 562, the second shared partition 536 and the
second private region 546 can server the second thread 564,
the third shared partition 538 and the third private region 548
can serve the third thread 566, or combination thereof.

In an embodiment, the shared partitions 530 include
uniform partitions implemented with uniform partitioning of
the memory block 512. The shared partitions 330 can ensure
cach of the threads 550 1s allocated a dedicated amount or
capacity of the memory 512. The private partitions 540 can
include demand partition implemented with per demand or
demand partitioning. The private partitions 540 can accom-
modate requirements for input and output (I/0) intensive of
the threads 550. A ratio of sizes for the shared partitions 530
and the private partitions 540 can be predetermined,
dynamic, or active based on a preset value, setting by the
interface 504, setting by the system device 240 of FIG. 2, or
combination thereof.

In an embodiment, sizes of the private partitions 340 can
be determined by the number of the requests 354 for each of
the threads 350, and the shared partitions can be uniformly
s1zed or partitioned based on the number of the thread 350,
based on system information such as the system information
242 of FIG. 2. The adaptive partitioning of the memory
block 512 with both uniform partitioning and demand or per
demand partitioning, can provide significantly improved
thread-level quality of service (QoS), with the dedicated
amount or capacity of the memory 512 and accommodating
or meeting requirements for input and output (I/O) intensive
threads 550.

For example, the ratio of sizes for the shared partitions
530 and the private partitions 5340 can be equal to one (1).
Thus, the shared partitions 530 and the private partitions 540
will be equal in size. The shared partitions 330 can be

equally divided or partitioned 1nto three (3) partitions based
on the three threads 330 including the first thread 562, the

second thread 564, and the third thread 566. The private
partitions 540 can be partitioned or divided based on the
number of the requests 554 for each of the threads 550, such
as two-thirds (24) capacity for the first demand partition 534,
up to one-quarter (Y4) capacity for the second demand
partition 536, and up to one-twelith (12) capacity for the
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third demand partition 3538, 1n a manner similar to the
storage device 400 of FIG. 4.

It has been discovered that the electronic system 100 with
the storage device 500 including the shared partitions 530
and the private partitions 540 significantly improves system
performance and avoids starvation problems for signifi-
cantly improve quality of service (QoS) particularly at
thread-level. The mterface block 504, the partition block, or
combination thereof, can dynamically or actively change
adaptive partitions of the memory block 412 such as the first
shared partition 534, the second shared partition 536, and the
third shared partition 538, the first private partition 544, the
second private partition 546, and the third private partition
548, or combination thereof.

Referring now to FIG. 6, therein 1s shown examples of
embodiments of the electronic system 100. The example
embodiments of the electronic system 100 with partitioning

mechanism can include application examples for the elec-
tronic system 100 such as a smart phone 612, a dash board
of an automobile 622, a notebook computer 632, a server
642, or combination thereof. These application examples
illustrate purposes or functions of various embodiments of
the invention and importance of improvements 1n processing,
performance including improved bandwidth, area-etliciency,
or combination thereof.

For example, the storage device 200 of FIG. 2 can provide
significantly 1mproved system performance and avoid
memory starvation problems in the electronic system 100
such as a smart phone 612, a dash board of an automobile
622, a notebook computer 632, a server 642, or combination
thereot. The storage device 200 can dynamically or actively
change partitions of the memory block 212 of FIG. 2.

For example, the storage device 300 of FIG. 3 can provide
significantly 1mproved system performance and avoid
memory starvation problems in the electronic system 100
such as a smart phone 612, a dash board of an automobile
622, a notebook computer 632, a server 642, or combination
thereot. The storage device 300 can dynamically or actively
change uniform partitions of the memory block 312 of FIG.
3.

For example, the storage device 400 of FIG. 4 can provide
significantly 1mproved system performance and avoid
memory starvation problems in the electronic system 100
such as a smart phone 612, a dash board of an automobile
622, a notebook computer 632, a server 642, or combination
thereol. The storage device 400 can dynamically or actively
change per demand partitions of the memory block 412 of
FIG. 3.

For example, the storage device 500 of FIG. 5 can provide
significantly improved system performance and avoid
memory starvation problems in the electronic system 100
such as a smart phone 612, a dash board of an automobile
622, a notebook computer 632, a server 642, or combination
thereol. The storage device 500 can dynamically or actively
change adaptive partitions of the memory block 512 of FIG.
3.

In an example where an embodiment of the mvention 1s
an integrated physical logic circuit and the storage device
200, the storage device 300, the storage device 400, the
storage device 500, or combination thereot, 1s integrated 1n
the control unit 112, the storage unit 114, or combination
thereot, dynamic or active memory partitioning can signifi-
cantly improve system performance. Various embodiments
of the mvention provide dynamic or active memory parti-
tioming thereby improving system performance, improving,
energy eiliciency, enabling new memory technologies,
enabling compatibility with current memory hierarchies,
providing transparent implementation for user applications,
or combination thereof.

10

15

20

25

30

35

40

45

50

55

60

65

18

The electronic system 100, such as the smart phone 612,
the dash board of the automobile 622, the notebook com-
puter 632, and the server 642, can include a one or more of
a subsystem (not shown), such as a printed circuit board
having various embodiments of the mvention, or an elec-
tronic assembly (not shown) having various embodiments of
the invention. The electronic system 100 can also be imple-

mented as an adapter card in the smart phone 612, the dash
board of the automobile 622, the notebook computer 632,

and the server 642.

Thus, the smart phone 612, the dash board of the auto-
mobile 622, the notebook computer 632, the server 642,
other electronic devices, or combination thereol, can provide
significantly faster throughput with the electronic system
100 such as processing, output, transmission, storage, com-
munication, display, other electronic functions, or combina-
tion thereof. For illustrative purposes, the smart phone 612,
the dash board of the automobile 622, the notebook com-
puter 632, the server 642, other electronic devices, or
combination thereof, are shown although 1t 1s understood
that the electronic system 100 can be used 1n any electronic
device.

Referring now to FIG. 7, therein 1s shown a flow chart of
a method 700 of operation of the electronic system 100 in an
embodiment of the present invention. The method 700
includes: operating an interface block of a storage device
configured to process system information from a system
device 1 a process 702; partitioning a memory block of the
storage device by the interface block configured to process
the system information for partitioning the memory block in
a process 704; and accessing a storage block of the storage
device configured to provide a data block of the storage
block to the system device 1n a process 706. The process 704
further includes identifying the system information. The
process 704 further includes associating a request of the
system 1nformation to a partition of the memory block. The
process 704 further includes a partition block for dynami-
cally changing a partition of the memory block. The method
700 further includes translating with a transition block
configured to translate the storage block to the system
device. The method 700 further includes associating with a
partition block configured to associate requests of the system
information to a thread of the system information associat-
ing with a partition block configured to associate requests of
the system information to a thread of the system informa-
tion. The process 702 further includes providing a non-
volatile memory device including the interface block, the
memory device, and the storage sub-block.

In an embodiment, the electronic system 100 including
the storage device 200 of FIG. 2 avoids performance deg-
radation due to the memory starvation problems. The storage
device 200 can dynamically or actively change partitions of
the memory, sigmficantly improving system performance
and avoiding memory starvation problems.

In an embodiment, the electronic system 100 including
the storage device 300 of FIG. 3 significantly improves
system performance and avoids memory starvation prob-
lems for significantly improve quality of service (QoS)
particularly at thread-level. The storage device 300 can
dynamically or actively change uniform partitions of the
memory.

In an embodiment, the electronic system 100 including
the storage device 400 of FIG. 4 significantly improves
system performance and avoids memory starvation prob-
lems for significantly improve quality of service (QoS)
particularly at thread-level. The storage device 400 can
dynamically or actively change demand or per demand
partitions of the memory.

In an embodiment, the electronic system 100 with the
storage device 500 of FIG. 5 significantly improves system
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performance and avoids starvation problems for signifi-
cantly improve quality of service (QQoS) particularly at
thread-level. The storage device 500 can dynamically or
actively change adaptive partitions of the memory.

The resulting method, process, apparatus, device, product, 4
and/or system 1s straightforward, cost-eflective, uncompli-
cated, highly versatile, accurate, sensitive, and eflective, and
can be implemented by adapting known components for
ready, eflicient, and economical manufacturing, application,
and utilization. Another important aspect of an embodiment
of the present invention 1s that 1t valuably supports and
services the historical trend of reducing costs, simplifying
systems, and increasing performance. These and other valu-
able aspects of an embodiment of the present invention
consequently further the state of the technology to at least
the next level.

While the mvention has been described 1n conjunction
with a specific best mode, it 1s to be understood that many
alternatives, modifications, and variations will be apparent
to those skilled 1n the art in light of the aforegoing descrip-
tion. Accordingly, it 1s intended to embrace all such alter-
natives, modifications, and variations that fall within the
scope of the included claims. All matters set forth herein or
shown 1n the accompanying drawings are to be interpreted
in an 1llustrative and non-limiting sense.

What 1s claimed 1s:

1. A storage device comprising:
a memory block configured as a memory cache;
an interface block, coupled to the memory block, config-
ured to process system information to determine a
number of threads and a number of requests for each of
the threads received from a system device;
a partition block, included 1n the interface block, config-
ured to partition the memory block into shared parti-
tions and private partitions, wherein:
cach of the shared partitions are evenly divided based
on the number of threads,

the private partitions are proportionally divided based
on the number of requests for each of the threads;
and

a storage block, coupled to the memory block, configured
to provide a data block.

2. The device as claimed 1n claim 1 wherein the interface

block 1s configured to identily the system information.

3. The device as claimed 1n claim 1 wherein the interface
block 1s configured to associate a request of the system
information to a partition of the memory block.

4. The device as claimed in claim 1 wherein the partition
block 1s configured to dynamically change a partition of the
memory block.

5. The device as claimed in claim 1 further comprising a
transition block, coupled to the storage block, configured to
translate the storage block to the system device.

6. The device as claimed 1n claim 1 wherein the partition
block 1s configured to associate requests of the system
information to the thread of the system information.

7. The device as claimed 1n claim 1 wherein the interface
block, including the partition block, 1s configured to process
the request with a common 1dentification for distinguishing,
the request.

8. A method of operation of a storage device comprising:

processing system information to determine a number of
threads and a number of requests for each of the threads
received from a system device;
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partitioning a memory block, configured as a memory
cache, mto shared partitions and private partitions by
an interface block, wherein:

cach of the shared partitions are evenly divided based
on the number of threads,

the private partitions are proportionally divided on the
number of requests for each of the threads; and

accessing a storage block to provide a data block.

9. The method as claimed in claim 8 wherein partitioning,
the memory block by the interface block includes 1dentify-
ing the system information.

10. The method as claimed 1n claim 8 wherein partitioning

the memory block by the interface block includes associat-
ing a request of the system information to a partition of the
memory block.

11. The method as claimed 1n claim 8 wherein partitioning
the memory block by the interface block includes a partition
block for dynamically changing a partition of the memory
block.

12. The method as claimed in claim 8 further comprising
translating with a transition block configured to translate the
storage block to the system device.

13. The method as claimed in claim 8 further comprising
associating with a partition block configured to associate
requests of the system information to a thread of the system
information.

14. The method as claimed 1n claim 8 wherein processing
system information includes processing the request with a
common 1dentification for distinguishing the request.

15. A non-transitory computer readable medium including
stored thereon instructions for operating a storage device,
comprising:

processing system information to determine a number of

threads and a number of requests for each of the threads
received from a system device;

partitioning a memory block, configured as a memory

cache, mto shared partitions and private partitions by

an interface block, wherein:

cach of the shared partitions are evenly divided based
on the number of threads,

the private partitions are proportionally divided based
on the number of requests for each of the threads;
and

accessing a storage block to provide a data block.

16. The medium as claimed in claim 15 wherein parti-
tioning the memory block by the interface block includes
identifying the system information.

17. The medium as claimed in claim 15 wherein parti-
tioning the memory block by the interface block includes
associating a request of the system information to a partition
of the memory block.

18. The medium as claimed in claim 15 wherein parti-
tioning the memory block by the interface block includes a
partition block for dynamically changing a partition of the
memory block.

19. The medium as claimed 1n claim 15 further compris-
ing translating with a transition block configured to translate
the storage block to the system device.

20. The medium as claimed in claim 135 further compris-
ing associating with a partition block configured to associate
requests of the system information to a thread of the system
information.
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